BACKGROUND/OBJECTIVES: Folate, pyridoxine and cobalamin are coenzymatically essential in one-carbon methyl metabolism, and their deficiencies could explain some alterations during breast carcinogenesis. We aimed to evaluate the validity of folate, pyridoxine and cobalamin estimates from a food frequency questionnaire (FFQ) on the basis of their corresponding fasting plasma biomarkers, in breast cancer (BC) patients. SUBJECTS/METHODS: In a prospective, consecutive case series, 149 women with primary BC aged between 30 and 69 years as a representative sample of Iranian women with BC were recruited. The 136-item FFQ was used for the validity assay. Fasting plasma folate and cobalamin were tested by automated electrochemiluminescence. The high-pressure liquid chromatography with fluorescence detection was used to determine the plasma levels of pyridoxal-5'-phosphate (PLP) and total homocysteine (tHcy). RESULTS: Area under the curve (AUC) for assessing the diagnostic accuracy of folate-related data through an FFQ was 0.74 (Po0.01) in the reference model (folate plasma levelo5.9 ng/ml), with sensitivity and specificity of 68% and 63%, respectively. The positive and negative predictive values (PPV and NPV) were 96.9% and 96.8%, respectively. The AUC for cobalamin intake in the reference model (plasma cobalamino260 pmol/l) was 0.64 (Po0.01), with 60% sensitivity and 61% specificity. Although tHcyX10.0 mmol/l was used as reference indicator, the folate intake (AUC ¼ 0.71, Po0.01) and cobalamin intake status (AUC ¼ 0.67, Po0.05) were also determined appropriately by FFQ. CONCLUSIONS: Dietary folate and cobalamin estimates from FFQ were significantly correlated with their fasting plasma concentrations. Our data supported the validity of new FFQ to rank individuals by dietary intake status of folate and cobalamin.
INTRODUCTION
Several lines of epidemiologic evidence and preclinical investigations have shown that diminished folate status in longitude could increase predominantly the risk of breast cancer (BC) carcinogenesis. [1] [2] [3] [4] In addition, some findings have suggested that inadequate intake of cobalamin chronically might contribute to BC risk, meanwhile this condition was considered often in keeping with folate deficiency status. [5] [6] [7] However, among B vitamins, less information exists regarding the nutritional status of pyridoxine among BC participants in previous epidemiologic studies. 8 There is abundant evidence concerning the intake status of these nutrients in association with cancer risk. 2, 9 However, in terms of nutrient estimation using questionnaires, the accuracy of data remains an issue of a widespread epidemiologic debate in many studies. 10, 11 Despite the fact that the validity of the nutrients is so often investigated in non-malignant participants in various studies, 2, 4, 8, 10 to our knowledge, little attention has been paid to the accuracy of dietary measurements on the micronutrients related to one-carbon metabolism among BC patients.
It is widely evident that the accuracy of data obtained by means of a dietary questionnaire, that is, food frequency questionnaire (FFQ), in a target population, is supposed to be verified before launching a survey of the dietary trends and associations in epidemiologic studies. 12 For this concept, the validity of certain nutrients from FFQ is usually attained through a comparing test method with a more accurate reference method (that is, true gold standard). 12, 13 Even though the sources of errors derived from using the questioning-based instruments as reference are similar and could result in some extent of overestimation, using the corresponding biomarkers attributed to the relative nutritional intake status is increasingly regarded as accurate reference criteria in dietary validation approaches. 4, [14] [15] [16] [17] The plasma folate level was suggested as a suitable indicator for reflecting recent dietary intake status. 4, 18 Although the red blood cells' (RBC) folate level has also been shown as an appropriate biomarker for evaluating folate intake status in long term, various recent studies have suggested that the RBC folate concentration could rarely provide privileged information for identifying suboptimal folate status as compared with the serum folate level. [18] [19] [20] Recently, fasting plasma total homocysteine (tHcy) has also been shown to serve as a sensitive inverse indicator of serum or plasma folate status. 19 In addition, the interrelationships of cobalamin and folate in homocysteine metabolism might also be synergized by plasma status of pyridoxal-5 0 -phosphate (PLP). [21] [22] [23] These suggest that tHcy, as a reference determinant, could additionally be used to evaluate the diagnostic accuracy of folate, and even possibly for cobalamin, and pyridoxine derived from FFQ. By taking into account the particular Iranian dietary habits, which is rather comparable to the Mediterranean diet, 24 and the exceptional diversity of foods providing these nutrients, it would be noteworthy to probe the certain nutrients among BC patients by means of validated FFQ. 17, 25 Therefore, the aim of present study was to evaluate the validity of FFQ to assess the intake levels of folate, pyridoxine and cobalamin on the basis of plasma biomarkers and also fasting plasma tHcy in primary BC patients.
MATERIALS AND METHODS

Study population
In this prospective, consecutive case series study, 149 women within the range of 30 to 69 years of age diagnosed with histopathologically confirmed malignant breast tumor were recruited from 2008 to 2010 at the Day General Hospital, Tehran. The eligibility criteria were defined previously. 7, 26 Particularly, patients having used certain vitamin supplements (folate, biotin, cobalamin and pyridoxine) during a month before sampling were excluded. A well-trained questioner was conducting face to face interviews with each subject. Informed consent was obtained from each subject in the hospital before questioning. An institutional review board approval was granted for this study. The existence of underreporting was evaluated by calculating the physical activity level defined by the ratio of reported energy intake and a mean basal metabolic rate. 27, 28 The basal metabolic rate was estimated according to the Schofield equations. 29 
Nutritional assessments
Food frequency questionnaire. The present semi-quantitative FFQ (FFQ as test method) is a 10-page instrument consisting of 136 food items, 25 questions about food preparation and 25 fields for open-ended questions. The content and face validities were confirmed previously. 30 The focus of the present questionnaire was on 10 specified food categories for enhancing the recall accuracy. These food clusters included bread and cereals, dairy products, meat, legumes, fruits, vegetables, oils, nuts, beverages and finally ended with seasonings. Some edible green leafy fresh vegetables and herbs are regularly consumed in side dish (such as Tarreh as leek-like leaves, mint, parsley, water cress-like leaves, radish, onion, dill, tarragon, scallion, local basil, coriander, spinach, garlic leaves, Parpin, respectively, arranged on the basis of the percentage of usage among the participant), stewed vegetables (spinach, Tarreh, parsley, Kanagr, Bamieh, fenugreek, carrot, green bean, celery, eggplant, gourd, quince and so on) and salads are major dietary sources of folate in Iranian dietary habits. 31, 32 The food items within the Iranian habitual diet without any equivalent English word have been written in Farsi, while the first character is shown in uppercase. Respondents of the FFQ were asked on their intake over the previous one year. Set of color photographs and customary household utensils were also used to depict different portion sizes. Seasonal variations of fruits and vegetables were weighted for the season during analyses. The consumption frequency of each food item was responded in daily, weekly, monthly or yearly period of time. The amount of dietary consumption was asked on the basis of the standard serving size provided for each food with a privilege to average portion size. For assessing nutrient intakes, the time-dependent frequency of each food item was multiplied by the amount of intake in servings and then converted to the daily magnitude in grams. 31 The Nutritionist IV Software (version 3.5.2; 1994, N-Squared Computing, San Bruno, CA, USA) was implemented to analyze the intake level of folate, coblamin, pyridoxine and total calorie for each participant from the included list of foods. The US drug administration (USDA) national nutrient database for standard reference is the leading data bank in this software. 33 The supported database in the software for some particular foods was also modified and adjusted on the basis of nutritive contents of some Iranian foods. 33 Residual dietary intake was also calculated to adjust the effect of total calorie intake for certain dependent nutrients, which was described by Willett.
14,34
Laboratory and biochemical analysis (biomarker reference method)
The plasma aliquots were provided from overnight fasting venous blood and frozen at À 70 1C. Folate and cobalamin plasma concentrations were measured using an automated electrochemiluminescence immunoassay as previously described. 26 The plasma level of tHcy was measured using high-pressure liquid chromatography with a fluorescence detector. More details about the estimated coefficient variations were reported previously. 26 The PLP was measured using high-pressure liquid chromatography with the ClinRep Complete Kit for PLP (ClinRep complete kit, Munich, Germany) and florescence detector by following the instructions on the kit. The within and between coefficient variations for PLP measurements were determined as 3.7% and 3.2%, respectively. All assays were carried out in Laboratory of Day General Hospital, Tehran. In BC patients, fasting plasma concentration 410.0 mmol/l was defined as high-plasma tHcy status. 18 The plasma concentrations of folate p5.9 ng/ml, 35, 36 PLP p10.0 mg/l 37 and cobalamin p260 pmol/l 38 were specified as the reference criteria for deficiency status of the nutrients (the reference models).
Statistical analysis
Data were analyzed by using SPSS statistical package for Windows (version 11.5; SPSS Inc., Chicago, IL, USA). An independent sample t-test was performed to compare the means of two groups. A dual-dimensional scatter plot was used to show bivariate correlation between the plasma and daily intake levels of each nutrient. The agreement between the test method (FFQ) and the reference variable (plasma level) for each nutrient was determined using Pearson's or Spearman's correlation coefficient in Figure 1 . The least squares fit of a line to data and its linear equation were calculated using Microsoft Office Excel 2003. A 2 Â 2 contingency table was created for categorical analysis and tested with a two-tailed w 2 test (Table 3 ). In the reference model, the binary classification of plasma variables was carried out according to the most addressed criteria for the plasma level of each nutrient. [35] [36] [37] [38] The median level of each nutrient of our population was also considered for categorization in the median model. The receiver operating characteristic (ROC) analysis is a graph used in testing the diagnostic accuracy. 39, 40 In an ROC curve, the sensitivity of the test in y-axis was plotted against the false-positive error rate (1-specificity) in x-axis for a binary classification model. 39 In this regard, the overall diagnostic accuracy was measured by the area under the ROC curve (AUC) for a test in order to show the ability of the test (each nutritional factor in FFQ) to correctly classify and discriminate those with and without the deficiency, based on biochemical characteristics (dichotomous outcome). The suitable range for AUC was defined in the range of 0.5 to 1.0. 39, 40 The sensitivity (used to test the ability of the model to determine true-positive cases) and specificity (used to test the ability of model to identify true-negative cases) were also evaluated. The probability of true insufficiency according to the FFQ (individual test) versus being at risk of biochemical deficiency based on plasma level (golden standard) was evaluated by likelihood ratios as well. The tests with LR þ (sensitivity/false-positive error rate; similar to the ROC curve) larger than one are helpful for screening patients with better sensitivity and dependent on choosing a high cutoff point, whereas the LR-(falsenegative error rate/specificity) less than one could reflect a high degree of specificity and is suitable for confirming the diagnosis of deficiency. 39 Consequently, LRs are independent of the prevalence of disease. LR values near one indicated a result that did not substantially change deficiency likelihood. The ratio of LR þ to LR À was calculated to estimate the diagnostic odds ratio as another global measure for diagnostic accuracy. Indeed, a test with high specificity and sensitivity with low rates of false positives and false negatives could result in a high odds ratio. For example, a diagnostic odds of 10 means that the true results of a test is 10 times higher than its false results. The positive predictive value and negative predictive value were also calculated. All statistical tests were two tailed and P-values less than 0.05 were considered statistically significant.
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RESULTS
The mean age at diagnosis of BC patients was 49±8 years (mean±s.d.). The general characteristics of 148 eligible participants with BC are described in Table 1 . The invasive ductal carcinoma (IDC: 82.3%) was the predominant histopathological subtype. A higher frequency of pathological grades III (49.0%) and II (39.2%) was determined among BC patients (Po0.01). Smoking was seen in 8.3% (12/144) of participants (Table 1) . In Table 2 , despite the inadequate intake levels of folate in the present sample population (55% consumed lower than 400 mg/d of folate intake, n ¼ 149), adequate dietary intakes of cobalamin and pyridoxine were notable compared with the criteria specified in DRI (dietary reference intake) ( Table 2) .
The scatter plots and correlation coefficient values (r) between dependent plasma concentrations and dietary intake levels of folate, pyridoxine and cobalamin are shown in Figure 1 . Daily dietary intake of folate was positively associated with its plasma level at r ¼ 0.32 (Po0.01; Panel AI). Similarly, energy-adjusted folate intake (residual intake) was correlated significantly with the plasma folate level at r ¼ 0.32 (Po0.01; Panel AII). The daily dietary intake of cobalamin was associated significantly with the plasma cobalamin level at r ¼ 0.27 (Po0.01; Panel BI). After considering the residual cobalamin intake, this relationship remained significant with r ¼ 0.24 (Po0.01; Panel BII).
Stratified analysis was performed to show the arrangement of dichotomous classification of dietary folate, pyridoxine and cobalamin intakes versus stratified plasma levels of the corresponding biomarkers (Table 3 ). In the reference model, the significant number of individuals who were screened in deficient category of intakes for folate (89%, Po0.01) and cobalamin (60%, Po0.05) were noticeably classified in plasma deficiency status. In the median model, the similar categorical assignments of patients for deficiency status of folate and cobalamin were also obtained significantly (Po0.01). Although the predominant part of the BC patients was at reproductive ages, the carried-out stratification analysis within either menopausal status was not capable to attenuate the residual variance caused by confounding effect of menopause.
In Figure 2a , typical ROC curve illustrates the diagnostic performance based upon the plasma concentration of folate p5.9 ng/ml. It was demonstrating qualitatively a suitable specificity and discriminative power of the test (large area of 0.5 indicated with being farther than the diagonal straight line). The AUC for assessing the diagnostic accuracy of intake status evaluated by FFQ versus biochemical determinants and also the sensitivity, specificity, LR À and LR þ of models are presented in Table 4 . The evaluated AUC for folate from FFQ was estimated to be significant against plasma status of folate in either the reference model at 0.74 (95%CI: 0.63-0.85; Po0.01) or in the median model at 0.61 (95%CI: 0.50-0.70; Po0.01). The reference model for predicting the folate insufficiency (p400 mg/d) showed the highest sensitivity and specificity at 68% and 63%, respectively. The estimated positive predictive value and negative predictive value of folate intake in the reference model were determined to be 96.9% and 96.8%, respectively. The calculated LR þ was not high enough, but the LR À was preferably small to improve the test of determining the folate status with possibly a The Table 4 ). The estimated diagnostic odds ratio showed that the true discrimination of patients in dietary folate deficiency category in this model was 9.08 times higher than placing patients in adequate status (false results). The AUC for cobalamin intake derived from FFQ in the reference model upon plasma cobalamin (p260 pmol/l) was 0.64 (95%CI: 0.54-0.74; Po0.05). The sensitivity and specificity of cobalamin intake in this model were 60% and 61%, respectively. The negative predictive value equal to 82% was high enough to predict the lower false-negative results derived from cobalamin intake obtained from FFQ in the reference model. The cobalamin intake in the median model on the basis of plasma cobalamin (p331 pmol/l) received sufficient AUC equal to 0.67 (95% CI: 0.58-0.76; Po0.01). Either sensitivity or specificity of median model for cobalamin intake was also similar to the former model. The accuracy of pyridoxine data from FFQ was not significantly predicted by using plasma PLP status (Table 4 ). The AUC (0.55) was relatively non-discriminative for the reference model with sensitivity and specificity of 61% and 58%, respectively. Table 4 also summarizes measures of diagnostic accuracy for dietary folate, pyridoxine and cobalamin intakes (FFQ) using the plasma levels of tHcy as a metabolic indicator of the nutrients. The folate intake model showed an AUC equal to 0.71 (95% CI: 0.55-0.86; Po0.05) with an estimated positive predictive value of about 78.5% (Table 4 ). The cobalamin intake was observed to have significant AUC ¼ 0.67 (95%CI: 0.51-0.83; Po0.05) and LR þ about 3.42 indicating relatively good diagnostic value of the cobalamin intake model with respect to tHcy status (Table 4) .
DISCUSSION
Our findings revealed that the intake assessments of folate and cobalamin by FFQ could receive reasonable credibility for representing the true nutrient intake status among BC patients. In consistent with previous findings, the folate intake level was significantly correlated with the plasma folate concentration. Similarly, the residual folate intake was also in an appropriate concordance with plasma folate. Similarly, Owens et al. 15 supported a positive correlation coefficient between folate intake and folate RBC (r ¼ 0.35). A wealth of evidence exists and suggested identical trend of associations (r) within the range of 0.1-0.5. 4, 22, 35, 41, 42 However, sometimes the correlations between dietary folate intakes derived from FFQ and serum folate could be elusive and fail to reach statistical significant outcomes. 43 These conditions might be influenced by several reasons such as information bias, various sample size among studies and also using different laboratory techniques for the estimation of folate levels. 4, 15, 35, 44 Eventually, our findings supported the fact that the new designed FFQ could provide valid measurements to rank BC subjects regarding folate intake in the present sample population.
A significant positive correlation between daily dietary intake of cobalamin and its plasma level exists confirming the acceptable agreement between these two data sets. Accordingly, the diagnostic accuracy for determining the dietary intake status of cobalamin intake was also significantly attained by appropriate validity parameters in either reference or even median model. In detail, the performance of the FFQ was rather sensitive with a The age and sex dependent dietary reference intakes (DRIs) were used to detect the intake insufficiency based on FFQ data. In case of folate p400 mg/d, cobalamin p2.4 mg/d and pyridoxine age dependently less than 1.3-1.5 mg/d were defined as the nutrient inadequacies.
The validity of FFQ in breast cancer S Pirouzpanah et al convincing specificity in detecting the cobalamin status from FFQ. However, pyridoxine intake level from FFQ was incapable of capturing the plasma PLP status in either model. Despite the compelling supportive evidence for folate validity, less comparable information regarding the validity of cobalamin and pyridoxine was available in previous investigations on nonmalignant subjects. Yoshino et al., 22 in Japanese population, suggested lesser extent of correlation coefficients between pyridoxine and cobalamin intakes estimated from a brief FFQ and their corresponding serum concentrations. In the case of cobalamin, Johansson et al., 45 demonstrated significant but weak agreements between dietary cobalamin from FFQs versus plasma cobalamin (r ¼ 0.15 and 0.18 for longer and shorter versions of their FFQ, respectively). More specifically, they just demonstrated this correlation significantly in women (r ¼ 0.32). The lower correlations for cobalamin in different studies may represent inter-individual variations in absorption, due to differences in gastric acidity or intrinsic factor secretion. 45 However, achlorhydria and atrophic gastritis had been considered as the exclusion criteria in the present study. Moreover, in contrast to our findings, Johansson et al. 45 found a positive correlation between pyridoxine and its plasma status. However, the validation of pyridoxine was met just in a very few studies with significant outcomes in adults. 45 Some discrepancies in several findings could be likely due to the limited number of food items in FFQ, weakly defined or fixed portion size, questioning-related recall bias, seasonal variations, population sample size and so forth. 17, 42, 46 In addition, low correlations are expected as the biomarker measurement is often subject to laboratory errors such as interindividual metabolic variations and laboratory bias. 17, 42, 47 Given the laboratory-related bias, patient misclassification and selection of inappropriate criteria in the models, any interpretation in biomarker-based validity should be made cautiously. Regardless of some previous equivocal proves for using FFQ to estimate The term of reference model was referred to the classification of plasma variables on the basis of normal reference laboratory values of folate p5.9 ng/ml, 35, 36 PLP p10.0 mg/l, 37 and cobalamin p260 pmol/l. 38 They were defined as inadequacy status in reference model. b In median model, the low plasma status of variables were stratified on the basis of the median of our population, that is, folate p10.0 ng/ml, PLP p12.0 mg/l and cobalamin p331 pmol/l. The validity of FFQ in breast cancer S Pirouzpanah et al cobalamin intake status in non-malignant subjects, the present findings supported the notion that the FFQ could be a valid tool to measure cobalamin intake level in women with BC. However, the accuracy of data obtained from FFQ for pyridoxine intake was not supported according to our results. Indeed, the plasma PLP is a predominant metabolite of pyridoxine in the circulation and probably the best single measure of pyridoxine, because it reflects tissue stores. 48 However, some inter-individual variations such as recent dietary intake, probable prolonged fasting, raised alkaline phosphatase and inflammation have been addressed to have confounding effects in association with intake levels. 49, 50 Despite taking chronic inflammatory defects and Ramadan fasting as an ineligibility criteria for participation, they might probably in part affect our results in pyridoxine validity.
There is very confined evidence concerning the use of the measures of diagnostic accuracy in addition to correlation coefficient in questionnaire-validity assays. In this respect, the present findings suggested that the diagnostic accuracy of folate intake from FFQ in the reference model conveyed the rather higher capability of the test to discriminate folate status by which AUC was significantly estimated to be 0.74. The reference model also provided acceptable sensitivity to rank individuals on the basis of the folate status from the FFQ. The specificity of the model was also well comparable to prior studies. 15, 19 Baric et al.
19
documented consistent findings in sensitivity (61%) and specificity (56%) of FFQ to determine folate intake status of individuals (o200 mg/d) by serum folate level. Similarly, Owens et al.
15
supported a positive correlation coefficient between folate intake and folate RBC (r ¼ 0.35), with appropriate specificity (91-96%) to validate their FFQs (based on a cutoff value of 200 mg/day; the estimated average requirements of folate). However, they indicated very weak sensitivity to figure out true folate inadequacy status. 15 In this respect, they also suggested a relatively similar diagnostic ability for their FFQ (AUC ¼ 0.68) on the basis of the HTLC-MS/MS method for quantification of RBC folate as the reference.
One of the major strengths of the present study is that we calculated sensitivity, specificity, likelihood ratios and predictive values as validity statistical tests to evaluate and ascertain the usefulness of FFQ to measure intake status of the nutrients on the basis of the plasma status, as the reference. Accordingly, AUC analysis was also undertaken to determine the diagnostic accuracy of a model to test the true insufficiency of a nutrient. Indeed, studies on diet-disease relationships frequently stratified nutrient intakes into categories. In the meantime, Bruner et al. speculated that in nutritional epidemiologic studies, the primary need for performing the analysis is considering individual in its correct rank order, rather than to make accurate estimates of absolute intake. 17, 46 In the majority of earlier studies, the correlation coefficient was mostly the subject of analyses to seek the agreement of two sets of quantitative data in studies on FFQ validation. 12, 15, 19, 45, 51 Using certain measures of diagnostic accuracy preferentially provided a more useful statistical approach to assess the discriminative potential of nutritional assessing tools rather than even performing categorical analysis. Indeed, simple categorical analysis just limited to describe positive and negative Abbreviations: n, number of participants; OR, Odd ratio; tHcy, total homocysteine; PLP, pyridoxal-5-phospahte; ROC, receiver operator characteristic. Plasma concentration of folate p5.9 ng/ml, 35, 36 PLP p10.0 mg/l, 37 and cobalamin p260 pmol/l, 38 were defined as deficiencies reference values. The risk of high tHcy was defined as plasma level X10.0 mmol/l. a The validity assessment of each nutrient from FFQ data set was analyzed on the basis of plasma status of the same nutrient as standard reference.
b The tHcy as a sensitive indicator of certain nutrients intake status was used as standard reference for evaluating the validity of FFQ to assess certain nutrient intakes. The validity of FFQ in breast cancer S Pirouzpanah et al diagnoses. Therefore, it is widely expected that testing the accuracy of obtained data in categorized form contributes additionally to what has been previously published regarding the validity of FFQ in estimating the nutrients.
Our findings suggested that the plasma tHcy status could predict the folate or cobalamin intake status with appropriate accuracy. Although the plasma tHcy status was substantiated as an inverse determinant of folate status in earlier observations, 19, 22, 52 the diagnostic ability of tHcy measurement in detecting the intake status of either folate or even cobalamin was denoted and proven at present study among BC participants.
The major limitation of our study was that a second FFQ was not undertaken for reproducibility analysis due to the impact of diagnosis bias. This source of errors referred to conditions related to malignancy diagnosis and neoadjuvant therapies. The studied sample size was also another potent limiting factor for providing enough statistical power of analysis in this study. Despite the restricted number of FFQ items in other investigations, the variety and number of our FFQ items seem to be supportive for the agreement between the two methods. Other advantage of this study was the estimation of folate and cobalamin intakes in the absence of routine mandatory fortification strategies in Iran; in the meantime, almost the results of various studies could be attenuated by confounding effects of certain dietary fortifications. 25, 41 As far as we knew, alcoholic beverages were not consumed by the Iranian women because of cultural and religious prohibitions. In addition, the frequency of smoking in this study population was low (8.3%). Therefore, the confounding effects of alcohol consumption and smoking in the metabolism of B vitamins, particularly folate, were apparently attenuated due to the nature of the population studied. 9, 53 In addition, in this questionnaire-based measurements of nutrients, under-reporters, who could be attributed to the response bias, were excluded from our analyses. 27 Among different questioning-based tools, FFQ received further credential among studies to be used in nutritional assessments in large-scale studies on diet and disease. The privileges of this FFQ to estimate micronutrient related to one-carbon metabolism include relatively cost-effective and easily being administered for larger population-based studies over an extended period of time. Validation reports suggested that the performance of a FFQ at least partly depends on the ethnical differences and diversity in dietary habits consumed in different population. 17, 46 In this regard, the Iranian people consume various indigenous green leafy vegetables in their daily dietary usage (rich in folate). Therefore, these could give rise to the consequential necessity of conducting validity assessment for probing the status of concerning nutrients in upcoming studies.
CONCLUSION
These data could support the reasonable validity of FFQ as a useful nutritional assessing tool to be administered in estimating the intake status of folate and cobalamin among BC patients. Preliminarily, linear agreements were obtained between dietary intake variables and biochemical concentrations of folate or cobalamin, which lie within those range of correlation coefficients obtained in non-malignant populations. Ranking individuals in the finest nutritional category is a concerning clue in association with the risk assessments in numerous diet-cancer studies. However, override usages of correlation coefficients as a major characteristic of validity in various nutritional epidemiologic studies seems to be an insufficient method of choice and has assisted little to the resolving the debates in the field. Implicating further diagnostic concepts from AUC analysis, LRs and even diagnostic odds ratio could be informative to enhance the aptitudes of testing the performance of a questionnaire, for example, FFQ. In this respect, our findings ascertained good performance for the likelihood of defining dietary folate inadequacy with clearer advantage for the reference model and suitable range of validity for discriminating cobalamin deficiency among individuals with BC based on the corresponding measurements in plasma specimens. In addition, the accuracy of dietary intake level of folate or cobalamin was also determined appropriately with plasma tHcy status as the reference biomarker. However, laboratory-based errors, which often account for epidemiologic misclassifications, might cause our interpretation to be made cautiously, particularly in discrimination of cobalamin. Interestingly, the particular lifestyle and dietary habits among Iranian population emphasize the importance of further validation studies in the future investigations. Moreover, information regarding the validity on the FFQ might convey more accurate data for translation purpose into dietary recommendations in diet-cancer associations.
